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Abstract. Zinc finger protein 24 (ZNF24) has been demon-
strated to regulate proliferation, differentiation and migration 
as well as invasion in several types of cells. However, the 
molecular role and clinical effects of ZNF24 in prostate cancer 
(PCa) remain unclear. The present study revealed that ZNF24 
expression is upregulated in PCa, and associated with tumor 
volume, Gleason score, pathological grade and metastasis. 
Wound healing and Transwell invasion assays revealed that 
ectopic ZNF24 expression facilitated cell migration and inva-
sion through the Twist1‑induced epithelial‑to‑mesenchymal 
transition (EMT) process. In addition, colony formation and 
Cell Counting Kit‑8 assays were used to determine the regula-
tory effects of ZNF24 on proliferation. The results suggested 
that ZNF24 also promoted cell proliferation in PCa. ZNF24 
acted as an oncogene and promoted migration, invasion and 
EMT of PCa cells via the regulation of Twist1.

Introduction

Prostate cancer (PCa) has become the most frequently diag-
nosed cancer in the male genitourinary system in the United 
States, in 2013 (1). The main methods for the early diagnosis 
of PCa include transrectal ultrasound, PCa‑specific antigen 
determination and digital rectal examination (2,3). In addi-
tion, increasing evidence has indicated that inflammation 
serves a key role in the pathogenesis of PCa via regulation of 
the tumor microenvironment by releasing growth factors and 
proinflammatory cytokines, and, therefore, influencing tumor 
development (4‑6). Therefore, an improved understanding of 
the detailed molecular mechanism underlying metastasis is 

urgently required in order to develop therapies and prevent 
PCa.

Zinc finger protein 24 (ZNF24; also known as KOX17, 
Zfp191 or ZNF191) is a member of the Kruppel‑like zinc 
finger transcription factor family (7). Its N terminus harbors 
a SCAN domain that primarily functions as a dimerization 
domain in zinc finger proteins (8), and its C terminus contains 
four C2H2 zinc finger motifs that serve as DNA binding 
domains (9). ZNF24 is ubiquitously expressed during embry-
onic development and in adult tissues (10,11), suggesting that it 
serves a key role in multiple different cell types. Independent 
studies have demonstrated that knockout of ZNF24 results 
in premature death at different time points during develop-
ment  (12,13), suggesting that ZNF24 serves a crucial role 
in regulating organ development. In addition, ZNF24 has been 
revealed to regulate proliferation, differentiation, migration 
and invasion in several different types of cancer, such as hepa-
tocellular carcinoma and gastric cancer (14,15). Upregulation 
of ZNF24 in neural progenitor cells maintains these cells in an 
actively proliferating state and suppresses neuronal differen-
tiation (16). Furthermore, the role of ZNF24 in regulating cell 
migration and invasion has been investigated in aortic vascular 
smooth muscle cells, where ZNF24 promotes cell migra-
tion (17). However, to the best of our knowledge, the molecular 
role and clinical effects of ZNF24 in PCa remain unclear.

The epithelial‑to‑mesenchymal transition (EMT) is the 
initial step of migration  (18). Loss of epithelial cell‑cell 
adhesion and the gain of mesenchymal‑like morphology are the 
main characteristics of the EMT (19,20). EMT can enhance the 
invasive ability of tumor cells, and enable them to leave their 
primary sites, which leads to metastasis (21). Several studies 
have revealed that EMT could be activated by EMT‑related 
transcription factors, including Twist, Slug and Snail (22,23).

The present study evaluated the gene and protein expres-
sion levels of ZNF24 in PCa tissue samples and cancer cell 
lines. Subsequently, gain and loss of function assays were 
performed to specifically up‑ or downregulate ZNF24 in PCa 
cell lines (PC‑3 and DU‑145) to assess its effect on PCa migra-
tion and invasion, as well as growth. Furthermore, the present 
study examined whether Twist1 was a downstream target of 
ZNF24. The results revealed a novel mechanism of ZNF24 in 
PCa migration and invasion.
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Materials and methods

Patient tissue specimens. A total of 68 human PCa (mean, 
65.3  years; range, 24‑74  years) and 43 matched adjacent 
non‑tumor tissues were obtained from patients who underwent 
surgical resection at Shenzhen People's Hospital (Shenzhen, 
China) between May 2008 and December 2012 for reverse 
transcription‑quantitative PCR (RT‑qPCR) and western 
blotting analyses. None of the patients had undergone chemo-
therapy or radiotherapy prior to surgery. Gleason score and 
pathological stage of prostate patients were determined as 
described previously (24,25). All tissues were immediately 
frozen in liquid nitrogen and stored at ‑80˚C. The present study 
was approved by the Clinical Research Ethics Committee of 
Shenzhen People's Hospital. All patients provided written 
informed consent prior to experiments.

Cell culture. The human PCa cell lines PC‑3 and DU‑145, 
and the human normal prostate cell line RWPE‑1 were 
purchased from The Cell Bank of Type Culture Collection 
of Chinese Academy of Sciences and cultured in RPMI‑1640 
medium (Thermo Fisher Scientific, Inc.) supplemented with 
10% fetal bovine serum (FBS; Thermo Fisher Scientific, 
Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin in a 
humidified atmosphere at 37˚C with 5% CO2.

Transfection. ZNF24 short hairpin RNA (shRNA) plasmid 
was purchased from Hanbio Biotechnology Co., Ltd. The 
sequences were as follows: ZNF24 shRNA, 5'‑CCGGGA 
GGATTTGGAGAGTGAACTTCTCGAGAAGTTCACTCT 
CCAAATCCTCTTTTTG‑3'; and control shRNA (shControl), 
5'‑CCGGGCTGACCCTGAAGTTCATCCTCGAGGATGAA 
CTTCAGGGTCAGCTTTTTG‑3'. The pcDNA3.1 (vector) 
and pcDNA‑3.1‑ZNF24 plasmid were purchased from Vigene 
Biosciences. The plasmids (2.5 µg) were transfected using 
Lipofectamine®  2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Following 
transfection for 48 h, cells were collected and prepared for 
further experiments.

Western blotting. Tissue samples and cells were lysed 
using RIPA buffer (Beyotime Institute of Biotechnology). 
The protein concentration was measured using a BCA kit 
(Pierce; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Protein samples (~40  µg) were 
separated via SDS‑PAGE (10% gel) and the protein was then 
transferred onto a PVDF membrane, followed by incubation 
with 5% skimmed milk in TBS with 0.1% Tween‑20 at 4˚C 
overnight. Subsequently, the membranes were incubated with 
primary antibodies at 4˚C overnight. The primary antibodies 
were: ZNF24 (1:2,000 dilution; cat. no. ab176589; Abcam), 
E‑cadherin (1:1,000 dilution; cat. no. 3195; Cell Signaling 
Technology, Inc.), N‑cadherin (1:1,000 dilution; cat. no. 13116; 
Cell Signaling Technology, Inc.) and β‑actin (1:5,000 dilution; 
cat. no. ab179467; Abcam). Following three washes with TBST 
at room temperature for 5 min, membranes were incubated 
in with secondary horseradish peroxidase‑conjugated goat 
anti‑rabbit antibody (1:5,000 dilution; cat. no.  ab205718; 
Abcam) for 1 h at room temperature. Following three washes 
with TBST at room temperature for 5 min, the blots were 

visualized using an ECL solution kit (Pierce; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. Each 
experiment was repeated independently three times.

RT‑qPCR. RNA was harvested from tissue specimens and 
cells using TRIzol® reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. RNA (2 µg) was 
used to synthesize cDNA using the High‑Capacity cDNA 
Reverse Transcription kit (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. The reaction condi-
tions used were as follows: 42˚C for 60 min and 70˚C for 
5 min. Subsequently, SYBR Green Master (Roche Diagnostics 
GmbH) was utilized for the qPCR using the ABI PRISM 7500 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The reaction conditions used were as follows: Pre‑denaturation 
at 95˚C for 4 min, 30 cycles of denaturation at 94˚C for 30 sec, 
annealing at 59˚C for 30 sec and extension at 72˚C for 1 min. 
The thermocycling conditions were as follows: 5 min at 65˚C, 
5 min at 42˚C, and 1 min at 85˚C. GAPDH was used as the 
internal reference for other genes. The 2‑ΔΔCq method was 
utilized to calculate the relative expression of target genes (26). 
The primers were as follows: ZNF24: Forward, 5'‑GTT​CCT​
GAG​CCG​GAG​GTT​T‑3', reverse 5'‑CTC​AGG​GCA​ATA​CCC​
CGT​TT‑3'; E‑cadherin: Forward, 5'‑AGT​GAC​TGA​TGC​
TGA​TGC​CC‑3'; reverse, 5'‑AAT​GTA​CTG​CTG​CTT​GGC​
CT; N‑cadherin: Forward, 5'‑GTG​CAT​GAA​GGA​CAG​CCT​
CT‑3'; reverse, 5'‑TGG​AAA​GCT​TCT​CAC​GGC​AT‑3'; Twist1: 
Forward, 5'‑TCA​AGA​GGT​CGT​GCC​AAT​CA‑3'; reverse, 
5'‑TTG​CAG​GCC​AGT​TTG​ATC​CC‑3'; Slug: Forward, 5'‑GCT​
ACC​CAA​TGG​CCT​CTC​TC‑3'; reverse, 5'‑CTT​CAA​TGG​
CAT​GGG​GGT​CT‑3'; Snail: Forward, 5'‑CGA​GTG​GTT​CTT​
CTG​CGC​TA‑3'; reverse, 5'‑GGG​CTG​CTG​GAA​GGT​AAA​
CT‑3'; GAPDH: Forward, 5'‑CCA​TGG​GGA​AGG​TGA​AGG​
TC‑3'; and reverse, 5'‑GCG​CCC​AAT​ACG​ACC​AAA​TC‑3'. 
Each experiment was repeated independently three times.

Colony‑formation assay. PC‑3 and DU‑145 cells were placed 
into 6‑well plates at a density of 5x103 cells/well. Cells were 
cultured for 2 weeks with serum‑free RPMI‑1640 medium. 
Subsequently, the cells were fixed with 100% methanol at 
room temperature for 5 min and stained with 0.5% crystal 
violet at room temperature for 10 min. Each experiment was 
repeated independently three times.

Wound healing assay. A total of 5x105 PC‑3 and DU‑145 
cells were plated in a 6‑well plate. When the cell confluence 
reached 85‑100%, a 10‑µl pipette was used to make scratches 
on the cells covering the bottom of the plate of the same width. 
The cells were then washed three times with PBS and then 
cultured with serum‑free RPMI‑1640 medium. At 0 and 48 h 
after scratching, the migration distance in the scratched 
area was examined, and images were captured under a light 
microscope (magnification, x40). The relative distance of 
migration=(width at 0 h‑width at 48 h)/width at 48 h. Each 
experiment was repeated independently three times.

Transwell invasion assay. Invasion assays were performed 
as previously described by using Matrigel invasion chambers 
(Thermo Fisher Scientific, Inc.) (27,28). In brief, a total of 
2x104 PC‑3 and DU‑145 cells were transfected with ZNF24 or 
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ZNF24 shRNA, respectively. After transfection for 48 h, cells 
were counted and re‑suspended in serum‑free RPMI‑1640 
medium. Cells (~4x104) were seeded in 24‑well Matrigel 
invasion chambers (Thermo Fisher Scientific, Inc.). The upper 
chamber was filled with serum‑free RPMI‑1640 medium and 
the bottom chamber was filled with RPMI‑1640 medium 
supplemented with 10% FBS. Cells were incubated at 37˚C for 
20 h. The cells were stained with 0.5% crystal violet at room 
temperature for 10 min and then washed with PBS. The cells on 
the surface of the chamber were removed using a cotton‑tipped 
swab. The cells that had invaded to the bottom chamber were 
quantified using a light microscope (magnification, x40). Each 
experiment was repeated independently three times.

Dual luciferase reporter assay. A dual luciferase reporter 
assay was utilized to further verify the targeting associa-
tion of ZNF24 and Twist1. Briefly, the promoter region of 
Twist1 (‑2000, +200) was cloned into pGL3‑basic plasmid 
(Vigene Biosciences). A mixture of 1 µg pGL3‑Twist1, 2 µg 
ZNF24 or ZNF24 shRNA and 20 ng Renilla plasmid was 
transfected into a total of 5x105 PC‑3 and DU‑145 cells 
using Lipofectamine® 2000 (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's protocol. Following 
transfection for 24 h, the cells were collected and lysed. 
Firefly and Renilla luciferase activities were measured 
with a Dual‑Luciferase Reporter Assay system (Promega 
Corporation) according to the manufacturer's protocol. 
Renilla luciferase activities were used as an internal control 
for transfection efficiency. Each experiment was repeated 
independently three times.

Chromatin immunoprecipitation (ChIP) and quantitative (q) 
ChIP assay. ChIP and qChIP analyses were performed using 
an EZ‑ChIP kit (EMD Millipore) according to the manufac-
turer's protocol. In brief, PC‑3 and DU‑145 cells were cultured 
to 80‑100% confluence, and the chromatin was cross‑linked 
by 1%  formaldehyde at 37˚C for 15  min. Subsequently, 
cross‑linked chromatin was sonicated (1 sec on, 1 sec off; 
3x20 times) at 4˚C to generate 200‑1,000 bp fragments. Next, 
5 µg anti‑immunoglobulin G (IgG) antibody (cat. no. ab171870; 
Abcam) or anti‑ZNF24 (cat. no. ab176589; Abcam) were used 
to immunoprecipitate chromatin fragments at 4˚C overnight. 
IgG antibody was used as the control. After purifying the anti-
body‑interact DNA, RT‑qPCR was conducted to analyze the 
precipitated chromatin DNA, as aforementioned. The primer 
sequences were as follows: Twist1: Forward, 5'‑AAG​GGA​
TGG​ACC​TGA​AAC​GG‑3'; and reverse, 5'‑GGC​AAA​CTG​
GAA​GCA​GCA​AA‑3'. The qPCR conditions were as follows: 
5 min at 98˚C, denaturation at 98˚C for 30 sec, annealing at 
56˚C for 30 sec and extension at 72˚C for 20 sec, performed 
for 32 cycles.

Cell Counting Kit‑8 (CCK‑8) assay. Cells (~3x103) in 200 µl 
RPMI‑1640 medium were placed in 96‑well plates. A total of 
six parallel wells were prepared for each group. CCK‑8 solu-
tion (20 µl; Beyotime Institute of Biotechnology) was added 
into each well at 0, 24, 48 and 72 h, and incubated for 1 h 
at 37˚C. The optical density value was measured at 450 nm 
in each well. Each experiment was repeated independently 
three times.

Bioinformation analysis. The expression of ZNF24 in prostate 
tissue was obtained from The Human Protein Atlas database 
(https://www.proteinatlas.org). The details are as follows: 
Antibody number, CAB025642 and HPA024062; male, 
age 76; Patient ID: 2932.

Statistical analysis. SPSS v19.0 software (IBM Corp.) 
was employed for data analysis. Values in all graphs are 
presented as the mean ± standard deviation. For Table I, the 
mean value of ZNF24 mRNA content (6.4) in tumor cells 
was set as the standard. Therefore, higher values than the 
standard value were defined as high expression, and lower 
values than the standard value were defined as low expres-
sion. The χ2 test was applied for comparisons between 
ZNF24 expression and clinical information of patients with 
PCa. Student's t‑test was applied for comparisons between 
two groups, and one‑way ANOVA followed by Tukey's 
post‑hoc test was applied for comparisons among multiple 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

ZNF24 is upregulated in PCa tissues and cell lines. To 
decipher the function of ZNF24 in PCa, the present study 
first detected ZNF24 expression in 68 human PCa and 
43 adjacent non‑tumor tissues using RT‑qPCR and western 
blotting analyses. mRNA and protein expression levels of 
ZNF24 in tumor tissues were markedly higher compared 
with those in adjacent non‑tumor tissues (P<0.05; Fig. 1A). 
Additionally, ZNF24 expression in PCa cell lines, including 
PC‑3 and DU‑145, was detected, and the human normal 
prostate RWPE‑1 cell line served as the control. Consistent 
with the results in the tissue samples, the expression levels of 
ZNF24 in the PCa cell lines were significantly higher than 
those in RWPE‑1 cells (P<0.05; Fig. 1B). In order to further 
investigate the function of ZNF24 in PCa, the association 
between ZNF24 expression and pathological characteristics 
of patients with PCa was evaluated. ZNF24 expression 
was positively associated with tumor volume, Gleason score, 
pathological stage and metastasis (Table  I). Additionally, 
the present study analyzed the expression levels of ZNF24 
in prostate tissues using data from The Human Protein Atlas 
database (https://www.proteinatlas.org; data not shown). 
Consistent with the aforementioned findings, ZNF24 was 
upregulated in PCa. These findings suggest that ZNF24 may 
serve an essential role in PCa.

ZNF24 promotes PCa cell migration and invasion in vitro. In 
order to further investigate the role of ZNF24 overexpression 
in carcinogenesis and progression of PCa, the present study 
induced overexpression or knockdown of ZNF24 in PC‑3 
and DU‑145 cells. The transfection efficiency of ZNF24 was 
confirmed by western blotting and RT‑qPCR analyses (P<0.05; 
Fig. 2A). Subsequently, wound healing and Transwell invasion 
assays were performed to determine the effects of ZNF24 on 
cell migration and invasion in PCa. The results of the wound 
healing assay indicated that overexpression of ZNF24 mark-
edly promoted the relative migratory distance compared with 
that in the vector group; however, inhibition of ZNF24 resulted 
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in the opposite result, and the relative migratory distance 
was lower than that in shControl group (P<0.05; Fig. 2B). 
Additionally, similar results were observed in Transwell inva-
sion assays. The numbers of invasive cells were increased 

when cells overexpressed ZNF24, and decreased when ZNF24 
was knocked‑down (P<0.05; Fig. 2C). Overall, the results 
demonstrated that ZNF24 promoted PCa cell migration and 
invasion in vitro.

Figure 1. ZNF24 is upregulated in PCa tissues and cell lines. (A) Expression levels of ZNF24 in PCa and adjacent normal samples were determined using 
RT‑qPCR and western blotting assays. *P<0.05 vs. normal tissues. (B) RT‑qPCR and western blotting assays were performed to compare the expression levels 
of ZNF24 in PCa cell lines (PC‑3 and DU‑145) with the expression levels of ZNF24 in the control cell line (RWPE‑1). *P<0.05, PC‑3 or DU‑145 vs. RWPE‑1. 
PCa, prostate cancer; RT‑qPCR, reverse transcription‑quantitative PCR; ZNF24, zinc finger protein 24.

Table I. Clinicopathological variables of 68 patients with prostate cancer.

	 ZNF24 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Number, n (%) (n=68)	 Low, n (%) (n=26)	 High, n (%) (n=42)	 P‑value

Age, years				  
  <66	 30 (44.1)	 13 (50.0)	 17 (40.5)	 0.442
  ≥66	 38 (55.9)	 13 (50.0)	 25 (59.5)	
Tumor volume, %				  
  <30	 26 (38.2)	 14 (53.8)	 12 (28.6)	 0.037
  ≥30	 42 (61.8)	 12 (46.2)	 30 (71.4)	
Gleason score (24)				  
  <6	 32 (47.1)	 17 (65.4)	 15 (35.7)	 0.017
  >7	 36 (52.9)	 9 (34.6)	 27 (64.3)	
Pathological stage (25)				  
  I‑II	 31 (45.6)	 16 (61.5)	 15 (35.7)	 0.038
  III‑IV	 37 (54.4)	 10 (38.5)	 27 (64.3)	
Metastasis				  
  Yes	 29 (42.6)	 7 (26.9)	 22 (52.4)	 0.039
  No	 39 (57.4)	 19 (70.1)	 20 (47.6)	

ZNF24 expression in prostate cancer tissues from patients was analyzed by reverse transcription‑quantitative PCR. The association between 
ZNF24 expression and each clinicopathological variable was analyzed using the χ2 test. ZNF24, zinc finger protein 24.
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ZNF24 facilitates PCa cell invasion and metastasis through 
regulation of EMT. In order to further investigate the underlying 
mechanism of enhanced migration and invasion by ZNF24 
in PCa, the effect of ZNF24 on EMT was investigated. The 
typical EMT phenotype is downregulation of E‑cadherin and 

upregulation of N‑cadherin (29). The present study revealed 
that overexpression of ZNF24 resulted in elevated expression of 
N‑cadherin and decreased expression of E‑cadherin (P<0.05; 
Fig. 3A). Conversely, knockdown of ZNF24 led to the opposite 
result, N‑cadherin expression was decreased, and E‑cadherin 

Figure 2. ZNF24 promotes prostate cancer cell migration and invasion in vitro. ZNF24 was overexpressed or knocked‑down in PC‑3 and DU‑145 cells. 
(A) ZNF24 expression was assessed using RT‑qPCR and western blotting assays. Representative images of PC‑3 and DU‑145 cells in (B) wound healing assay 
was performed to determine the effect of ZNF24 on cell migration. Magnification, x40. (C) Transwell invasion assays assay was performed to determine 
the effect of ZNF24 on cell invasion. Magnification, x40. Bar graphs display the statistics for cell counts. *P<0.05, ZNF24 vs. vector; #P<0.05, shZNF24 vs. 
shControl. sh, short hairpin RNA; ZNF24, zinc finger protein 24.
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expression was increased (P<0.05; Fig. 3A). Furthermore, 
based on the analysis of ZNF24 expression in the prostate 
adenocarcinoma database (Fred Hutchinson CRC, Nat Med 
2016) (30), it was identified that ZNF24 was upregulated in 
PCa. Additionally, the EMT‑associated transcription factor, 
Twist1, was upregulated in PCA. However, ZNF24 expression 
had no effect on other EMT‑associated transcription factors, 
including Slug and Snail (Fig. 3B). Therefore, ZNF24 may 
promote EMT through regulation of Twist1 in PCa. These 
results suggest that ZNF24 facilitated PCa cell invasion and 
metastasis through regulation of EMT.

Twist1 is a target gene of ZNF24. In order to ascertain whether 
ZNF24 could directly regulate Twist1 expression, ChIP 
and qChIP assays, and a dual luciferase activity assay were 
performed. The fold of enrichment of Twist1 was increased 
almost 7‑fold when ZNF24 was overexpressed, suggesting 

that ZNF24 could bind the promoter region of Twist1 (P<0.05; 
Fig. 4A). Subsequently, a dual luciferase reporter assay was 
performed. The results demonstrated that the luciferase activity 
was significantly increased when ZNF24 was overexpressed, 
compared with the vector group. Conversely, shZNF24 trans-
fection resulted in decreased luciferase activity, indicating that 
ZNF24 transcriptionally activated Twist1 expression (P<0.05; 
Fig. 4B). The aforementioned results suggest that Twist1 is a 
target gene of ZNF24.

Upregulation of ZNF24 promotes PCa cell proliferation. 
Since ZNF24 expression was associated with tumor volume, it 
was assumed that ZNF24 may serve a role in cell proliferation. 
In order to verify this hypothesis, in vitro experiments were 
used to examine the effects of ZNF24 on cell proliferation. 
A CCK‑8 assay was used to detect cell proliferation at 0, 24, 48 
and 72 h. The cell proliferation rate was markedly increased 

Figure 3. ZNF24 facilitates PCa cell invasion and metastasis through regulation of EMT. ZNF24 was overexpressed or knocked‑down in PC‑3 and DU‑145 
cells. (A) Expression levels of EMT‑markers, including E‑cadherin and N‑cadherin, were identified by RT‑qPCR and western blotting assays. (B) Twist1 
expression was detected by RT‑qPCR and western blotting assays. *P<0.05, ZNF24 vs. vector; #P<0.05, shZNF24 vs. shControl. EMT, epithelial‑mesenchymal 
transition; PCa, prostate cancer; RT‑qPCR, reverse transcription‑quantitative PCR; sh, short hairpin RNA; ZNF24, zinc finger protein 24.
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Figure 4. Twist1 is a target gene of ZNF24. (A) ChIP and quantitative ChIP assays were performed in order to determine whether ZNF24 could directly bind 
the promoter region of Twist1. (B) PC‑3 and DU‑145 cells were co‑transfected with ZNF24 or shZNF24 and pGL3‑Twist1 and Renilla luciferase reporter 
vector for 24 h, followed by a dual luciferase assay to evaluate the relative luciferase activities. *P<0.05, ZNF24 vs. vector; #P<0.05, shZNF24 vs. shControl. 
ChIP, chromatin immunoprecipitation; IgG, immunoglobulin G; sh, short hairpin RNA; ZNF24, zinc finger protein 24.

Figure 5. Upregulation of ZNF24 promotes prostate cancer cell proliferation. (A) ZNF24 was overexpressed or knocked‑down in PC‑3 and DU‑145 cells. 
Cell Counting Kit‑8 assay was performed to detect the effect of ZNF24 on cell proliferation. *P<0.05, ZNF24 vs. vector; #P<0.05, shZNF24 vs. shControl. 
(B) ZNF24 was overexpressed or knocked down in PC‑3 and DU‑145 cells. Colony formation assays were performed to evaluate cancer cell growth. *P<0.05, 
ZNF24 vs. vector; #P<0.05, shZNF24 vs. shControl. OD, optical density; sh, short hairpin RNA; ZNF24, zinc finger protein 24.
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when ZNF24 was overexpressed compared with the vector 
group (P<0.05; Fig.  5A). Conversely, ZNF24 knockdown 
decreased the cell proliferation rate (P<0.05; Fig. 5A). For the 
DU‑145 cells, the change of proliferation rate at 24, 48 and 
72 h after culture was determined to be in conformity with the 
PC‑3 cells (P<0.05; Fig. 5A). Subsequently, colony formation 
assays confirmed that ectopic expression of ZNF24 promoted 
cell proliferation and inhibition of ZNF24 suppressed cell 
proliferation in PC‑3 and DU‑145 cells (P<0.05; Fig. 5B). These 
results indicated that ZNF24 promoted PCa cell proliferation.

Discussion

ZNF24, also known as ZNF191 and KOX17 (7,31), contains 
four zinc finger motifs that encode putative DNA binding 
domains. In previous years, multiple studies have revealed that 
ZNF24 is involved in embryonic development (10,13,14) and 
hematopoiesis (32), and negatively regulates vascular endothe-
lial growth factor (VEGF) expression (33). In hepatocellular 
carcinoma, ZNF24 directly binding to the β‑catenin promoter 
promotes cell proliferation (14). Liu et al (15) reported that 
microRNA‑940 promotes tumor cell invasion and metastasis 
by downregulating ZNF24 in gastric cancer (GC), suggesting 
that ZNF24 serves as a tumor suppressor in GC. The contra-
dicting results of previous studies indicate that ZNF24 plays 
different roles in different organizations. However, to the best 
of our knowledge, the detailed function of ZNF24 in PCa 
remains unknown.

The present study demonstrated that ZNF24 was frequently 
overexpressed in human PCa tissues and cell lines. Furthermore, 
the results revealed that overexpression of ZNF24 facilitated 
PCa cell migration and invasion in vitro through promoting 
EMT. Additionally, ZNF24 could transcriptionally regulate 
Twist1, a key transcription factor of the EMT process. The 
present study revealed that upregulation of ZNF24 increased 
Twist1 expression and inhibition of ZNF24 decreased Twist1 
expression in PC‑3 and DU‑145 cells. Taken together, the data 
revealed that ZNF24 served as a novel oncogene in PCa and 
acted as a potential therapeutic target. However, a previous 
study indicated that ZNF24 functions as a negative regulator 
of developmental and tumor angiogenesis by directly binding 
to an 11‑bp fragment of the VEGF proximal promoter and 
thus inhibiting VEGF transcription (33). Additionally, ZNF24 
serves as a potential tumor suppressor and is inversely associ-
ated with microRNA‑940 expression in GC (15). The opposing 
functions of ZNF24 in PCa and GC may be due to ZNF24 
interacting with different proteins in different types of cancer.

Upregulation of ZNF24 was associated with tumor volume. 
Additionally, the present study revealed that ectopic expression 
or inhibition of ZNF24 could promote or suppress cell growth 
of the human PCa cell lines PC‑3 and DU‑145 in vitro. These 
results demonstrated that ZNF24 may be associated with cell 
proliferation of human PCa. Consistent with previous studies, 
ZNF24 may serve a key role in cell proliferation during 
embryonic development (10,13,14).

However, there were several limitations to the present 
study. First, it is preferable to perform immunohistochemistry 
assays to determine the expression of ZNF24 in PCa tissues. 
Furthermore, the effect of ZNF24 in vivo requires further 
investigation. In addition, the upstream genes of ZNF24 

in PCa remain unknown. It would be useful to investigate 
whether the stages of PCa can also influence ZNF24 expres-
sion. There may be multiple proteins that up‑ or downregulate 
ZNF24 expression during different stages of PCa. An assay 
for RNA‑sequencing and transposase‑accessible chromatin 
using sequencing may be performed using diverse stages of 
PCa tissue samples, and potential transcription factors could 
be predicted. This may further decipher PCa development.

In summary, the present study demonstrated that ZNF24 
served as an oncogene in PCa. Mechanistically, ZNF24 directly 
regulated Twist1 expression to promote the EMT process, and 
contributed to the promotion of cell migration and invasion 
ability of PCa cells. In addition, ZNF24 also promoted cell 
proliferation. Therefore, the present study provided a strong 
rationale for ZNF24 as a therapeutic target in PCa.
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